There is a need for in vivo monitoring of cell engraftment and survival after cardiac cell transplantation therapy. This study assessed the feasibility and usefulness of combined PET and MRI for monitoring cell engraftment and survival after cell transplantation. Methods: Human endothelial progenitor cells (HEPCs), derived from CD341 mononuclear cells of umbilical cord blood, were retrovirally transduced with the sodium iodide symporter (NIS) gene for reporter gene imaging by 124 I-PET and labeled with iron oxides for visualization by MRI. Imaging and histologic analysis were performed on 3 groups of nude rats on days 1, 3, and 7 after intramyocardial injection of 4 million HEPCs. Results: In vitro studies demonstrated stable expression of functional NIS protein and normal viability of HEPCs after transduction. On day 1, after intramyocardial transplantation, iron-and NIS-labeled HEPCs were visualized successfully on MRI as a regional signal void in the healthy myocardium and on PET as 124 I accumulation. The 124 I uptake decreased on day 3 and was undetectable on day 7, and the MRI signal remained unchanged throughout the follow-up period. Histologic analysis with CD31 and CD68 antibodies confirmed the presence of either labeled or nonlabeled control transplanted HEPCs at the site of injection on day 1 but not on day 7, when only iron-loaded macrophages were seen. Furthermore, deoxyuride-59-triphosphate biotin nick end labeling showed extensive apoptosis at the site of transplantation. Conclusion: The combination of MRI and PET allows imaging of localization and survival of transplanted HEPCs together with morphologic information about the heart. Although iron labeling rapidly loses specificity for cell viability because of phagocytosis of iron particles released from dead cells, reporter gene expression provided specific information on the number of surviving cells. This multimodality approach allows complementary analysis of cell localization and viability.
There is a need for in vivo monitoring of cell engraftment and survival after cardiac cell transplantation therapy. This study assessed the feasibility and usefulness of combined PET and MRI for monitoring cell engraftment and survival after cell transplantation. Methods: Human endothelial progenitor cells (HEPCs), derived from CD341 mononuclear cells of umbilical cord blood, were retrovirally transduced with the sodium iodide symporter (NIS) gene for reporter gene imaging by 124 I-PET and labeled with iron oxides for visualization by MRI. Imaging and histologic analysis were performed on 3 groups of nude rats on days 1, 3, and 7 after intramyocardial injection of 4 million HEPCs. Results: In vitro studies demonstrated stable expression of functional NIS protein and normal viability of HEPCs after transduction. On day 1, after intramyocardial transplantation, iron-and NIS-labeled HEPCs were visualized successfully on MRI as a regional signal void in the healthy myocardium and on PET as 124 I accumulation. The 124 I uptake decreased on day 3 and was undetectable on day 7, and the MRI signal remained unchanged throughout the follow-up period. Histologic analysis with CD31 and CD68 antibodies confirmed the presence of either labeled or nonlabeled control transplanted HEPCs at the site of injection on day 1 but not on day 7, when only iron-loaded macrophages were seen. Furthermore, deoxyuride-59-triphosphate biotin nick end labeling showed extensive apoptosis at the site of transplantation. Conclusion: The combination of MRI and PET allows imaging of localization and survival of transplanted HEPCs together with morphologic information about the heart. Although iron labeling rapidly loses specificity for cell viability because of phagocytosis of iron particles released from dead cells, reporter gene expression provided specific information on the number of surviving cells. This multimodality approach allows complementary analysis of cell localization and viability. Al though myocardial cell transplantation appears to be a promising therapy for cardiac regeneration after myocardial infarction, recent results from large clinical trials have failed to demonstrate major favorable effects in patients (1, 2) . Efficiency of engraftment and subsequent survival of cells in target tissue are likely to have a major impact on the success of cell transplantation therapies. Currently, only a minority of the cells remains in the heart a few days after delivery, and thus, there is a need for an improved understanding of the basic mechanisms of cell-based regenerative therapies (1, 3) . Noninvasive cell survival monitoring (4, 5) by serial MRI and PET may provide novel insights into cell engraftment, proliferation, and survival and help evaluate novel regenerative cell therapies noninvasively.
Recently, several techniques for direct visualization and monitoring of the survival of magnetically or genetically labeled transplanted cells in the heart have been proposed by means of MRI (6) (7) (8) (9) (10) (11) and PET (12) . MRI is an attractive modality because it allows localization of the transplanted cells at high spatial resolution combined with good anatomic and functional characterization of the injured myocardium without exposure to ionizing radiation (6, 10) . Compared with MRI of iron-labeled cells, reporter gene imaging of genetically labeled graft cells with PET may provide more specific information on the number of surviving cells (12) (13) (14) . How-ever, no studies to date have applied a direct comparison of both MRI and PET to address the feasibility of multimodality imaging in monitoring cardiac cell therapy. Thus, we combined magnetic cell labeling for MRI and reporter gene labeling for PET to study the feasibility of serial imaging of localization and survival of transplanted human endothelial progenitor cells (HEPCs) in the normal rat myocardium. The imaging signals were correlated with histologic tissue analysis to validate the MRI and PET data.
MATERIALS AND METHODS

Donor Cell Preparation and Labeling
HEPCs were isolated, cultured, and expanded as described previously (15) (16) (17) . Briefly, cord blood mononuclear cells were obtained from healthy newborn donors. CD341 cells were isolated using magnetic-activated cell sorting (Direct CD34 Progenitor Cell Isolation Kit; Miltenyi Biotec). Cells were cultured and expanded on medium described elsewhere (16) to express endothelial cell markers, including CD31 (.90% positive). The cord blood cells were obtained after the acquisition of informed parental consent, according to guidelines approved by the ethical committee of the Technische Universität München.
VSV-G pseudotyped retroviral vectors expressing reporter genes LacZ encoding b-galactosidase or human sodium iodide symporter (NIS) were produced by transient transfections (18) after cloning the respective complementary DNAs into pBullet (19) . NIS complementary DNA was derived from full-length NIS/pcDNA3 (20) . HEPCs were infected with NIS-expressing retroviral vectors and subsequently with LacZ-expressing retroviral vectors the following day. Transduction was performed at passages 3-5.
For in vivo transplantation experiments, the cells were further expanded and labeled with iron oxides directly before injection into animals. Donor cells were labeled with iron oxides by being incubated with 15 mL/mL of medium of Lipofectin (Invitron Limited) and 100 mg/mL of medium of Resovist (28 mg of iron oxide per milliliter) (Schering) for 2 h at 37°C. Subsequently, the cells were washed with a phosphate-buffered saline solution.
Assessment of NIS Reporter Gene Expression and Phenotype of HEPCs
To detect cell surface expression of NIS, 1 · 10 6 trypsinized HEPCs were incubated with a monoclonal antibody directed against an extracellular domain of NIS (VJ2; kindly provided by Sabine Costagliola, Free University of Brussels) (21) and an antimouse IgG fluorescein isothiocyanate labeled antibody (Serotec) followed by flow cytometry using a Vantage fluorescenceactivated cell sorter (FACS) (Becton Dickinson) and the CellQuest software (Becton Dickinson). Likewise, CD31 surface expression was confirmed after viral transduction using a fluorescein isothiocyanate labeled monoclonal antibody (Serotec) and the respective IgG1 isotype control as detailed by the manufacturer.
Uptake of radioactive iodide by NIS-labeled HEPCs was studied essentially as described by Spitzweg et al. (22) , except that 3,700 Bq of 99m Tc were used to label 1 · 10 5 HEPCs in reaction tubes.
Electrophysiologic recordings of NIS-labeled HEPCs were made using the whole-cell configuration of the patch-clamp technique through previously described methods (23) . Currents were recorded with an EPC-9 patch-clamp amplifier (HEKA Electronics) and Pulse (version 8.54) software (HEKA Electronics).
After retroviral NIS transduction, HEPCs were subjected to tube formation assay. A 300-mL volume of BD Matrigel basement membrane matrix high-concentration (BD Biosciences) dilution was suspended into 24-well tissue culture plates. After gel formation, 6 · 10 4 HEPCs or human umbilical venous endothelial cells per well were seeded, and tube formation was observed microscopically 15 h after seeding.
Animal Studies
Male athymic nude rats (CRL:NIH-rnu; Charles River Laboratories) weighing 200-230 g were anesthetized with an intramuscular administration of midazolam (0.1 mg/kg), fentanyl (1 mg/ kg), and medetomidine (10 mg/kg) for thoracotomy. The heart was then exposed, and 200 mL of HEPCs (4 · 10 6 cells) were injected into the anterolateral wall of the left ventricle using a 27-gauge insulin syringe. At this point, the chest was closed, and the animals were allowed to recover until the MRI and PET study.
MRI and PET were performed on day 1 after transplantation of HEPCs labeled with iron (n 5 4), the NIS reporter gene (n 5 4), or both iron and the NIS reporter gene (n 5 10). In a subset of animals (n 5 6), MRI and PET were repeated on days 3 and 7 after transplantation of HEPCs labeled with both iron and the NIS to monitor cell survival. MRI and PET were done consecutively on the same day using separate anesthesia for each imaging session. The animals were sacrificed after PET for autoradiography and histologic analysis of the heart. To exclude potential effects of labeling and imaging on survival of HEPCs after transplantation, additional control histologic experiments were performed using nonlabeled HEPCs without imaging on days 1 (n 5 3) and 7 (n 5 3) after transplantation.
PET and Analysis
Rats anesthetized with midazolam, fentanyl, and medetomidine were imaged prone on a dedicated small-animal PET scanner. Data acquisition commenced 60 min after the injection of 124 I iodide solution (25) (26) (27) (28) (29) (30) MBq obtained from Nuklearmedizinische Klinik, University Essen) into the cannulated tail vein and continued for 30 min to detect NIS-expressing cells. Immediately after this acquisition, 13 N-NH 3 was injected intravenously (50-60 MBq). It was allowed to distribute for 5 min, after which a 10-min PETacquisition took place to visualize perfused myocardium. A subset of rats (n 5 4) was imaged for 90 min starting at the time of injection of 124 I for dynamic analysis of tracer accumulation. All data were acquired in list mode and were graphed into sinograms. Sinograms were reconstructed using filtered backprojection with a cutoff at the Nyquist frequency. For quantification of tracer uptake, a region of interest was placed manually at the site of cell injection in a transverse slice of the mid ventricle, and uptake values were expressed as mean percentage injected dose per cubic centimeter.
MRI and Analysis
The rats were anesthetized as previously described and were imaged prone on a clinical MRI system (Achieva, 1.5-T; Philips) equipped with a dedicated small-animal electrocardiographic triggering system (SA Instruments Inc.) and a single-loop microscopy coil (Philips).
After initial scout scanning, 2-dimensional cine short-axis views of the left ventricle were obtained using an electrocardiographically triggered segmented gradient-echo technique with the following imaging parameters: matrix, 512 · 512; repetition time, 11.5 ms; echo time, 4.4 ms; in-plane resolution, 0.3 · 0.3 mm; slice thickness, 2 mm; and temporal resolution, 11.5 ms.
For quantification of the iron signal (signal void), regions of interest were defined manually at the cell injection site and at a contralateral site in the normal wall of a mid-ventricular slice. Contrast-to-noise ratio was calculated using (SI myo 2 SI cell )/0.5 · (SD myo 1 SD cell ), where SI is signal intensity, myo is normal myocardium, and cell is cell injection site.
Autoradiography, Histology, and Immunohistochemistry
The rats were sacrificed immediately after PET, and the hearts were excised, frozen, and embedded in methylcellulose. Serial short-axis cryosections 20 and 5 mm thick were obtained for autoradiography and histology, covering the entire heart at 1-mm intervals using a cryostat (HM500OM microtome; Micrim). Tracer distribution was determined by analysis of the digitized autoradiographs (PhosphorImager 445 SI; Molecular Dynamics). Regions of interest were manually defined in a region of focal tracer uptake and in a contralateral normal region in a midmyocardial section. If no focal myocardial tracer accumulation was observed, a region of interest was placed in the anterolateral wall. Radioactivity values of each region of interest were recorded as background-corrected photostimulated luminescence per square millimeter and were expressed as uptake ratio, which was calculated by dividing the value of the focal tracer uptake region by that of the contralateral normal area.
Histologic and immunohistochemical staining was performed using standard techniques. Ex vivo detection of LacZ gene expression of the donor cells was done with 5-bromo-4-chloro-3-indolyl-b-D-galactoside (X-gal) and eosin staining. The presence and localization of iron particles were assessed by Prussian blue and eosin staining. Monoclonal mouse antihuman platelet endothelial cell adhesion molecule-1 antibodies (CD31, clone JC70A, 1:40 dilution; DAKO) were used to detect HEPCs in the rat heart, and monoclonal mouse antirat CD68 antibodies (1:100 dilution; Abcam Limited) were used to detect macrophages. For the detection of apoptotic cells, deoxyuride-59-triphosphate biotin nick end labeling (TUNEL) (Fluorescent Cell Death Detection
Statistical Analysis
All results were expressed as mean 6 SD. Statistical analysis was done with StatMate III (ATMS Co., Ltd.). Continuous variables were compared by the unpaired Student t test, and multiple groups were compared by ANOVA using ranks (KruskalWallis test) followed by the Dunn multiple-contrast hypothesis test to identify differences in each group. A value of P less than 0.05 was considered statistically significant.
RESULTS
In Vitro Analysis of Cell Labeling
Serial FACS analyses indicated that HEPCs stably expressed surface NIS protein, because 50.5% 6 6.9% of 51.0% 6 5.3% cells remained positive after 6 passages. The NIS was functional as evidenced by 99m Tc uptake by the HEPCs (Figs. 1A and 1B) . The electrophysiologic properties of HEPCs are shown in Figures 1C and 1D . Wild-type HEPCs (control a), uninfected fraction of HEPCs (control b), and NIS-labeled HEPCs did not differ in their baseline electrophysiology, measured as current-voltage relationships in the absence of I 2 (Fig. 1C) . Figure 1D shows that the addition of 10 or 50 mM of I 2 to the bathing solution caused a concentration-dependent inward current of 40 and 280 pA, respectively, in only HEPCs expressing NIS. The effect was reversible and reproducible.
Analysis of growth kinetics revealed no differences in the early phase and only slight retardation of growth and onset of cellular senescence, which reduced the total number of cumulative cells by a factor of 62 after NIS transduction, compared with nontransduced cells. The infection procedure did not change the endothelial phenotype of HEPCs, since both parental HEPCs (94.2%) and retrovirally transduced HEPCs (94.8%) stained positively for HEPC surface marker CD31 in FACS analysis. Likewise, NIS-labeled HEPCs were positive in the tube formation assay, indicating their potential to contribute to vessel formation (Supplemental Fig. 1A ; supplemental materials are available online only at http://jnm.snmjournals.org).
The effectiveness of iron labeling was shown by Prussian blue staining to be more than 90% (Supplemental Fig. 1B) . FACS analysis of iron oxide-labeled cells revealed that labeling does not change the surface expression of NIS (NIS expression was 50.1% vs. 50.5% on day 3 and 58.3% vs. 61.1% on day 7 in the absence vs. presence, respectively, of iron labeling). Likewise, the functionality of the NIS protein on the HEPC was not altered after iron labeling. 99m Tc uptake was 2.4% 6 0.3% of the applied dose in the absence of iron labeling and 2.4% 6 0.2% in the presence of iron labeling on day 3 after labeling, and similar values were obtained 7 d after labeling (2.1% 6 0.2% vs. 2.8% 6 0.1% in the absence vs. presence, respectively, of iron labeling). Additionally, there was no difference in the cumulative number of viable cells between iron-labeled cells and nonlabeled control cells.
In Vivo Cell Monitoring by MRI and PET
Representative MR and PET images of transplanted HEPCs labeled with iron only, NIS only, or both iron and NIS are shown in Figure 2A . The injection site was readily visualized as a signal void in T2*-weighted MR images on day 1 after transplantation in all rats that received HEPCs labeled with iron. Similarly, all rats that received HEPCs labeled with the NIS reporter gene demonstrated a clearly visualized focal 124 I accumulation in the chest on day 1. Fusion of 124 I and 13 N-NH 3 perfusion images confirmed the localization of focal 124 I uptake at the site of intramyocardial injection in the anterolateral wall. The localization of the MRI signal void and the PET-detected 124 I accumulation agreed well on day 1 after transplantation in all rats that received HEPCs labeled with both iron and NIS reporter. Autoradiography of myocardial tissue sections confirmed strong, focal uptake of 124 I on day 1 after transplantation of HEPCs labeled with NIS, LacZ, and iron particles. Uptake of 124 I corresponded to the site of iron particles and LacZ gene expression in serial sections studied by autoradiography, Prussian-blue staining, and X-galactosidase staining (Fig. 2B) .
Dynamic PET revealed that 124 I accumulation peaked at 10 min after tracer injection and then washed out slowly (Fig. 2C) . At the time of imaging, 60-90 min after injection, approximately 65% of peak activity was still present in the myocardium. Blood-pool activity decreased rapidly, providing the best contrast for imaging myocardial uptake 45 min after tracer injection.
The results of serial MRI and PET on days 1, 3, and 7 after transplantation of HEPCs labeled with both iron and NIS reporter are shown in Figures 3A and 3B . The MRI signal void observed on day 1 persisted until day 7. In contrast, 124 I uptake detected on day 1 rapidly decreased and was not detectable on 
Histopathologic Examination
Results were obtained using either labeled or nonlabeled HEPCs. Staining with human CD31 antibodies revealed large numbers of HEPCs at the site of injection on day 1 and their absence on day 7 ( Supplemental Fig. 2) . On day 1, TUNEL staining demonstrated considerable numbers of apoptotic nuclei colocalizing with the transplanted HEPCs in serial sections. These findings are consistent with the rapid death of HEPCs after transplantation in normal rat myocardium. According to the study with transplantation of nonlabeled control HEPCs, labeling the cells does not result in cell death.
Histologic detection of iron particles is shown in Figure 4 . Prussian blue staining revealed that iron particles colocalized with CD31-positive HEPCs on day 1 after transplantation of HEPCs labeled with iron. However, iron deposition was still detected at the injection site despite the absence of HEPCs on day 7 after transplantation. Only a few CD68-positive macrophages were seen on day 1, but their number increased by day 7. On day 7, the remaining iron particles colocalized with macrophages as seen by dual staining with Prussian blue and CD68 immunohistochemistry of the same tissue sections (Supplemental Fig. 3) . These results indicate retention of the iron particles in macrophages after graft cell death.
DISCUSSION
To our knowledge, this study was the first to demonstrate the feasibility of combined MRI and PET to investigate the location and survival of transplanted HEPCs in the myocardium after dual labeling with reporter gene and iron oxide particles.
The NIS protein is an intrinsic transmembrane glycoprotein, which mediates active transport of iodide and sodium across the cytoplasmic membrane (24) . Because it is not naturally expressed in the heart, it is a suitable reporter gene for cardiac applications. There are some potential advantages of NIS over other reporter genes, such as viral thymidine kinase (25) . First, the NIS protein is expressed in the thyroid gland naturally and, thus, is not immunogenic and does not produce toxic byproducts. Second, apart from the 124 I PET probe, 123 I, 131 I, and 99m Tc are also available as alternative imaging probes for SPECT and do not require complex probe synthesis (25, 26) . In addition, compared with thymidine kinase reporter gene imaging, the target-to-background ratios were higher (27) , rendering this approach more sensitive for in vivo cell detection. In this study, HEPCs were stably transduced to express functional NIS on the cell surface. Our analyses revealed no evidence of toxicity after NIS transduction. Transduction did not alter expression of surface markers such as CD31, growth kinetics, or the ability of cells to form tubes of Matrigel. Furthermore, expression of NIS did not alter the basic electrophysiologic properties of the cells. Endothelial cells are nonexcitable, and thus voltage-dependent ion channels are sparse (28) . Accordingly, the addition of increasing concentrations of iodide induced an inward current only in the NIS-expressing cells, indicating functionality of the symporter in HEPCs. Additional labeling of the HEPCs with iron oxides affected neither expression of NIS nor cell phenotype and growth. These cell-labeling techniques may be well suited for future clinical approaches to cell therapy, although further careful work is necessary to establish the long-term effects on cell viability, function, and differentiation.
MRI visualized the localization of iron-labeled HEPCs exactly in the left ventricular myocardium 1 d after intramyocardial injection. Although iron signal and location remained unchanged until 7 d after engraftment by MRI, 124 I uptake signal by PET decreased rapidly and was not detectable on day 7. In agreement with these observations, postmortem analysis showed rapid death of the graft cells and retention of the iron particles in macrophages on day 7. These results indicate that only reporter gene PET was specific for the presence of viable HEPCs. Accordingly, the dual imaging approach would provide initial localization of transplanted cells and ventricular morphology by MRI, whereas reporter gene PET signal would add specific information on the number of viable transplanted cells.
MRI is the most accurate method to evaluate left ventricular function and can also provide myocardial infarct size-an important surrogate endpoint for the evaluation of cardiac cell therapies (29) . Reporter gene PET signals have been compared with fused MR images to localize stem cells after injection (30) . Recently, direct visualization of iron oxide-labeled cells using MRI was also demonstrated (10, 31) . Because this concept is valid early after transplantation, and labeling of cells is simple, it has been used for tracking graft cells in several studies (6, 32) . However, a limitation of magnetic cell-labeling methods has been demonstrated by this study using HEPCs, serial MRI, PET, and histologic examinations. Although the iron signal observed by MRI on day 1 did not differ from that on day 7, rapid loss of HEPCs after transplantation was demonstrated by CD31 and TUNEL staining. Histologic analysis indicated that the iron particles were still present at the site of injection but had localized in macrophages. This finding is consistent with results recently reported by Amsalem et al. demonstrating that the MRI signal from iron-labeled rat mesenchymal stem cells transplanted into infarcted myocardium remained present throughout the 4-wk follow-up whereas histology demonstrated that transplanted cells remained present for only 1 wk after transplantation (8) . As in our study, iron-positive macrophages were seen at 4 wk (8) . Although MRI of iron-labeled cells may be helpful in precisely localizing and studying the efficiency of delivery of transplanted cells in the early phase, these results point to the need to determine the exact time course of cell death after transplantation in each application by complementary methods.
Conceptually, the reporter gene-encoding products will be continuously expressed as long as the cell is viable, even after cell division, provided that stable transduction of the gene has been achieved (4, 12, 14, 33) . In our study, the 124 I signal of NIS reporter PET cell imaging decreased below the detection limit of PET rapidly, 3 d after cell transplantation. The most likely explanation is a rapid loss of viable graft HEPCs as indicated by human CD31 immunohistochemical analysis and TUNEL staining. However, 124 I uptake also depends on stable expression of the NIS protein on viable cells and on efficient retention of the probe. In our study, these were confirmed by FACS analyses and dynamic PET, respectively. Although adenoviral gene expression is efficient in many cell types, this vector type does not integrate and, thus, does not allow for sustained gene transfer in dividing cells. To obtain stable gene expression, we chose retroviral vectors as an integrating system. In this system, reporter gene expression is driven by the long terminal repeat promoter, and epigenetic silencing of expression may become a problem in the long term. Deregulated premalignant cell proliferation (34) represents another possible limitation of retroviral vectors in a clinical study. To this end, new, potentially safer vectors have become available, including self-inactivating vectors that allow for use of insulators and nonviral promoters (35) . Further development of safe and efficient vectors and promoters is an important task for the clinical use of reporter gene cell imaging.
Intramyocardial transplantation of HEPCs derived from CD341 mononuclear cells has been reported to increase capillary density and ventricular function in a rat model of myocardial infarction (16, 36) . Our study indicates that only small numbers of cells remain in the heart more than 1 d after transplantation. In a test tube, in the absence of any background detection, the limit of our assay was 1 · 10 4 cells, and in vivo, 1 · 10 6 cells could be detected at the site of injection after 2 h. Thus, lower numbers of HEPCs may FIGURE 4 . Histologic detection of iron particles after transplantation of iron-labeled HEPCs in rat hearts. Representative images of human CD31 immunohistochemical analysis for detection of graft HEPCs on days 1 (A) and 7 (B), Prussian-blue iron staining on days 1 (C) and 7 (D), and CD68 immunohistochemical macrophage analysis on days 1 (E) and 7 (F) are shown. Localization of iron particles and graft HEPCs was observed on day 1 at site of cell transplantation (A and C). However, iron particles remained in heart on day 7, despite absence of graft HEPCs (B and D). On day 7, increased number of macrophages (F) was found.
still have been present despite the absence of PET signal. Although our study demonstrated that HEPCs were successfully visualized by both MRI and PET in the healthy myocardium, future studies should evaluate these methods for visualization of stem cells transplanted in the infarcted or periinfarcted myocardium, which is the most important target of cell therapy and may modify cell survival.
CONCLUSION
MRI of iron-labeled cells provides a readily available tool for noninvasive cell localization early (1 d) after transplantation, but cell death and subsequent phagocytosis of free iron by macrophages render the MRI signal nonspecific for tracking the implanted HEPCs later. In contrast, reporter gene imaging was demonstrated to have good specificity for tracking graft cell survival and thus may be more attractive for evaluation of therapies aimed at maximizing graft cell survival. The combination of both techniques may provide a useful tool for the simultaneous monitoring of cell survival by PET and early cell engraftment, as well as improvement in left ventricular function by MRI.
